Background: Accurate determination of the optimal insertion depth of a pediatric endotracheal tube (ETT) is quite important. The aim of this study was to create an easily available formula that can be used to determine the optimal insertion depth for a cuffed ETT even without depth marking with clear definitions of the upper and lower limits for the tip of ETT in the trachea in clinical practice. Methods: Eighty children under 12 years of age were enrolled. The depth marking of the cuffed ETT was placed at the vocal cords and both lungs were then auscultated using a stethoscope. The upper limit was radiographically defined as the position of the tip of the cuffed ETT being between the clavicles. The lower limit was defined as a distance of 5 mm above the carina. The relationship between the insertion depth and patient characteristics was analyzed to create a formula for optimal ETT insertion depth. Results: Sixty-nine ETTs were optimally placed in the trachea. There were good correlations between the optimal insertion depth of ETTs and patients characteristics (height (R = 0.92); BSA (R = 0.92); weight (R = 0.91); age (R = 0.88)). Using these patient characteristics, we created the following three formulas for calculation of the optimal insertion depth for pediatric cuffed ETTs: insertion depth (cm) = height (cm)/11 + 5.5, weight (kg)/3 + 9.5 or 11 + 3/4 × age (years). The rates of appropriate tube placement of both pediatric cuffed ETTs were 87.5% (Hi-Contour) and 85.0% (Microcuff). Conclusions: Our formula and graphs may be easy to determine the optimal insertion depth of cuffed ETT even without depth marking in clinical practice.
Introduction
Pediatric endotracheal tube (ETT) management is of great concern in anesthesia and intensive care medicine. Prediction of the optimal size of the tube and its insertion depth are considerable challenges, especially in infants and small children [1] [2] [3] . Uncuffed ETTs had been used for several decades [4] and the many reports on the advantages of cuffed ETTs and improvements in the cuffs available had led to the use of cuffed ETTs even in infants and small children [5] [6] [7] . Instead of widespread of cuffed ETTs, shortcomings of cuffed ETTs were reported including cuff positions and depth markings [8] . Cuff positions and location of depth markings vary from brand to brand of ETT, even among those having the same internal diameter. Some pediatric cuffed ETTs have no depth marking, and others have multiple depth markings. The length of the trachea in pediatric patients is shorter than that in adult patients. Anesthesiologists need to take into account the distance between the carina and the vocal cords to avoid endobronchial intubation and the cuff coming into contact with the vocal cords. The cuff also avoiding subglottic area, should be placed below the lower border of the cricoid. Several methods for prediction of the optimal insertion depth have been reported [9] [10] [11] [12] [13] ; however, none of these reports has clearly defined the upper and lower limits of the tube tip in the trachea. Therefore, we defined that the definition of upper and lower limits of the tube tip in the trachea is based on the tip of the endotracheal tube which is 5 mm head side from the tracheal bifurcation and between bilateral clavicle mesial lines [14] . Furthermore, only one brand of ETT was used in some of these reports. A recent report has tested several tube brands and insertion formulas including position of the cuff within the trachea [15] . The aim of this study is to create a formula for optimal depth of insertion of a pediatric cuffed ETT that includes both the upper and lower limits for the tube tip in the trachea. 
Patients and Methods

Study Design and Participants
Study Protocol
Cuffed ETTs were inserted after induction of general anesthesia with intravenous midazolam or thiopental and rocuronium bromide. The Hi-Contour (Mallinckrodt Pharmaceuticals, St Louis, MO, USA) and Microcuff (Halyard Health Care, Alpharetta, GA, USA) ETTs were randomly selected for use in this study. Initial size of cuffed ETT was selected by anesthesiologist. After that, the final size of cuffed ETT was determined by the air leak method. The air leak was checked with the cuff deflated when the lungs were inflated. If air leak was present at an airway pressure of 20 cm H 2 O, the cuffed ETT was changed to a larger size. If air leak was absent at an airway pressure of 30 cm H 2 O, the cuffed ETT was changed to a smaller size. The depth marking on the cuffed ETT was placed at the vocal cords and auscultation of both lungs was then performed using a stethoscope. Tracheal intubation was performed by an experienced anesthesiologist. Anesthesiologists confirmed depth marking of endotracheal tube was placed at the vocal cords using direct laryngoscopy. Depth marking was directly confirmed by an anesthesiologist. When using a Hi-Contour tube with an internal diameter > 3.5 mm, the center between the two depth markings was placed at the vocal cords. Next, the distance between the carina and the tip of the cuffed ETT was measured using a flexible optical fiberscope. We defined both the upper and lower limits of the tip of the cuffed ETT to avoid damage to the vocal cords and accidental endobronchial intubation. The upper limit was radiographically defined as the position of the tip of the cuffed ETT when it was between the clavicles. The lower limit was defined as a distance of 5 mm between the carina and the tip of the cuffed ETT. The depth of insertion at a lip corner and the height, age, and weight of the patient were recorded. When the ETT was appropriately inserted; these data were then used to devise a formula for optimal depth of insertion of a pediatric cuffed ETT.
Statistical Analysis
The data are presented as the number and mean as appropriate. Quantitative data were analyzed using the paired-samples Student's t-test. Categorical variables were analyzed using the chi-squared test. A correlation analysis was performed to determine the relationships between insertion depth and patient height, body surface area (BSA), and age on Spearman's correlation analysis. An expression was created by simple linear regression analysis. A P-value < 0.05 was considered statistically significant.
Results
Eighty children (31 female, 49 male) with a median age of 1.2 (0.1 -11.2) years were included in the study. There were no significant differences in demographics or clinical characteristics between the patients who were intubated with the Hi-Contour and those who were intubated using the Microcuff, (Table 1 ). An overview of the study protocol is shown in Figure 1 . The distance between the carina and the tip of the cuffed ETT was not measured in two cases. The rates of Open Journal of Anesthesiology Table 2 ). The height-based formula for optimal insertion depth was as follows: insertion depth (cm) = 5.3954 + 0.092096 × height (cm) (*). The weight-based formula for optimal insertion depth was as follows: insertion depth (cm) = 9.3343 + 0.32245 × weight (kg). The age-based formula for optimal insertion depth was as follows: insertion depth (cm) = 11.035 + 0.73976 × age (years).
Based on the above relationships, we propose the following formulas for calculation of the optimal depth of insertion of a cuffed ETT in infants and small children: insertion depth (cm) = height (cm)/11 + 5.5; insertion depth (cm) = weight (kg)/3 + 9.5; or insertion depth (cm) = 11 + 3/4 × age (years).
Discussion
We have demonstrated the appropriate insertion depth of two types of pediatric cuffed ETTs using definitions of both the upper and lower limits of the tips. It is important to define both the upper and lower limits when using a cuffed ETT in a pediatric patient. A previous report showed that auscultation of both lungs cuffed endotracheal tube. could not rule out endobronchial intubation in children [16] . The authors of that report discussed bilateral lung sounds owing to the Murphy eyes. Some ETTs, e.g., the Hi-Contour tubes, have a Murphy eye, and when used, the tip of the ETT might be placed very close to the carina even though both lung sounds Open Journal of Anesthesiology are detected using a stethoscope. Furthermore, the cuffs should not be placed too The insertion depth correlated well with height, BSA, weight, and age, indicating that the optimal insertion depth of ETTs could be determined using only one of these parameters. A previous report showed that height was the best predictor of optimal insertion depth for an ETT. Our results are consistent with that report. However, weight and age were also good predictors of optimal insertion depth of ETTs in our study. It is likely that these patient characteristics were good predictors of the optimal insertion depth because of the clearly defined upper and lower limits of the tip of the cuffed ETT and because of the creation of a general formula to predict the optimal insertion depth using data only for cuffed ETTs that were placed appropriately. Optimal insertion depth can be easily predicted after installation of all of our formula on electrical anesthesia record. Moreover, graphs in this study can make us determine the optimal insertion depth of cuffed ETTs even when electrical anesthesia records are not available.
The main limitation of this study is that the cuffed ETTs supplied by the various manufacturers have different characteristics, e.g., different cuff positions.
[8] Further studies are required to validate our formula using brands of cuffed ETTs other than those used in the present study. It has been reported that the relative position of the ETT changes when the head is extended or flexed and during pneumoperitoneum in laparoscopic surgery [17] [18] . How head position and pneumoperitoneum might affect the measurements obtained using various methods for determination of insertion length is still unclear.
Conclusion
In conclusion, it is clinically important to determine the optimal insertion depth of cuffed ETTs in children. We have created formulas for calculation of the optimal insertion depth of cuffed ETTs based on definitions of the upper and lower limits. Optimal insertion depth can be easily calculated by all of our formulas on electrical anesthesia record. Moreover, graphs in this study can make us determine the optimal insertion depth of cuffed ETTs even when electrical anesthesia records are not available.
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